Introduction {#sec1-1}
============

Congenital left ventricular diverticulum is a rare cardiac abnormality consisting of a localized outpouching from the free wall of the cardiac chamber. Commonly, this is from the left ventricular apex; however, non-apical diverticula also occur.

Case Reports {#sec1-2}
============

Case 1

A 1-day-old newborn baby presented with epigastric pulsation and umbilical hernia and underwent routine postnatal investigation.

Antenatally, the 21-year-old mother, a known case of epilepsy on regular treatment, was diagnosed to have a baby with a ventricular septal defect (VSD). Fetal echo at the 7^th^month of intrauterine life showed normal atrioventricular concordance and normal relation of the great vessels with the ventricular chambers. A large subaortic VSD, a patent foramen ovale, and a large ductus arteriosus were also noted. Ventricular function was normal.

A chest radiograph at birth showed peripheral pruning of pulmonary vascular markings and a dextrorotated heart \[[Figure 1](#F0001){ref-type="fig"}\].

![Case 1: A frontal radiograph of the chest (A) shows a dextrorotated heart and reduced pulmonary vascular markings. A lateral radiograph (B) shows a soft tissue swelling (arrow) with air-filled bowel loops (arrowheads) in the umbilical and epigastric region](IJRI-20-211-g001){#F0001}

USG of the abdomen showed a thick-walled vascular channel arising from the left ventricular apex; it was seen extending up to the umbilicus, which showed arterial pulsations in concordance with ventricular contractility \[[Video 1](#SD1){ref-type="supplementary-material"}\]. Communication with the portal system was present through the obliterated left umbilical vein, which did not show color flow \[[Figure 2](#F0002){ref-type="fig"}\]. A wide-necked abdominal defect was seen at the umbilical region containing bowel loops and the liver. The relationships of the portal vein, the hepatic veins, and the inferior vena cava (IVC) with the right heart were normal.

![Case 1: A mid-sagittal USG (A) shows a thick tubular channel (arrow) arising from the cardiac apex and extending up to the umbilical region. The flow ceases just above the level of the umbilicus. Color Doppler USG (B) shows communication with the left portal vein (arrow) through the obliterated umbilical vein (arrowhead)](IJRI-20-211-g002){#F0002}

Under mild sedation, a non-gated CT angiogram was performed using a 64-channel, multidetector CT scanner. The parameters used were as follows: 120 kV, 100 mA, scan delay of 2 seconds and total scan duration of 3 minutes; an automated bolus-tracking technique was used. To minimize radiation to the newborn, only a contrast angiogram study was done.

The angiogram showed a large tubular contrast-filled channel arising from the left ventricular apex \[[Figure 3](#F0003){ref-type="fig"}\], narrowing as it approached the umbilicus. Both the pulmonary artery and the aorta could be seen arising from the right ventricle. The pulmonary artery seemed narrow at its origin \[[Figure 4](#F0004){ref-type="fig"}\]. Herniating bowel and the left lobe of the liver could be seen at the site of the swelling in the umbilical region \[[Figure 3](#F0003){ref-type="fig"}\]. The sternum was normal and showed four sternal ossification centers \[[Video 2](#SD2){ref-type="supplementary-material"}\]. [Figure 5](#F0005){ref-type="fig"}, a photograph of the baby, shows the swelling in the umbilical and supra-umbilical region.

![Case 1: Thin coronal (A) and sagittal (B) multiplanar (MPR) CT scan images show a tubular channel (arrow) arising from the cardiac apex and extending up to the umbilical region. The dextraposed aorta is seen arising from the right ventricle. A narrow pulmonary artery can be seen arising from the right ventricle. The diverticulum arises from the cardiac apex. Axial CT scan (C) shows an umbilical hernia containing the left lobe of the liver and the ventricular diverticulum. Sagittal CT scan reconstruction (D) shows the sternum with four ossification centers](IJRI-20-211-g003){#F0003}

![Case 1: A thin overlapping coronal oblique maximum intensity projection (MIP) CT scan image (A) shows the right ventricular outlet (arrow). A volume-rendered 3DCT reconstruction (B) shows the double outlet right ventricle (RV), narrow pulmonary artery (PS), and diverticulum (D) from the cardiac apex](IJRI-20-211-g004){#F0004}

![Case 1: Photograph of the baby shows a local swelling at the umbilical region](IJRI-20-211-g005){#F0005}

Case 2

A 15-day-old girl was referred for investigation of an umbilical swelling and epigastric pulsations that had been present since birth.

The baby was the first child of normal parents and there was no significant antenatal history. Examination showed a well-looking infant with epigastric pulsations.

USG showed a thick tubular channel with pulsatile flow in the anterior abdominal wall, posterior to the abdominal musculature; the channel extended in the midline from the left ventricle apex in the xiphisternal region up to the umbilicus.

A contrast-enhanced CT scan of the thorax and upper abdomen showed an elongated, tubular, thick-walled structure extending from the left ventricle downward and medially across the diaphragm up to the umbilicus, where it ended blindly \[[Figure 6](#F0006){ref-type="fig"}\]. A midline hernia with herniation of small bowel loops was seen in the umbilical region \[[Figure 7](#F0007){ref-type="fig"}\].

![Case 2: Coronal (A) and mid-sagittal (B) thin MIP CT scans show a diverticulum (arrow) arising from the left ventricular apex](IJRI-20-211-g006){#F0006}

![Case 2: Axial CT scan (A) shows umbilical bowel herniation (arrow) and the diverticulum (arrowhead). Volume-rendered 3DCT (B) shows the diverticulum (arrow) on the left and the aorta (arrowhead) on the right](IJRI-20-211-g007){#F0007}

The child died in the hospital due to bilateral bronchopneumonia that was unresponsive to antibiotics and oxygen therapy.

Discussion {#sec1-3}
==========

Congenital left ventricular diverticulum starts in the 4th embryonic week. Possible etiologies are intrinsic abnormalities of embryogenesis or in utero acquired malformations (like viral infections, arrhythmia-related vascular accidents or cardiomyopathies).

The first description of a cardiac diverticulum was by Klein in 1953.\[[@CIT1]\] The prevalence of congenital ventricular diverticulum has been reported to be 0.42% among adult patients undergoing ventriculography after presenting to cardiac clinics with various symptoms.\[[@CIT2]\]

There have been reports of cardiac diverticulum with pericardial effusion being detected in the second trimester.\[[@CIT3]--[@CIT5]\] Intrauterine rupture into the pericardium has been offered as the explanation. This is supported by the disappearance of the lesion in postnatal life following therapeutic intrauterine pericardiocentesis.\[[@CIT4][@CIT6]\] Detection of the diverticulum may be incidental or it may be due to related symptoms like embolus, arrhythmia,\[[@CIT7]\] or infective endocarditis.

The diverticulum may be apical (70%)\[[@CIT8]\] or non-apical. Most of the apical diverticula are associated with midline thoracoabdominal defects,\[[@CIT1]\] umbilical hernia, and complex cardiac abnormalities. Non-apical diverticula arise from the subaortic region,\[[@CIT9]\] the anterior free wall or, rarely, from both ventricles.\[[@CIT10]\]

Syndromic association was well described by Cantrell et al. in 1958.\[[@CIT11][@CIT12]\] Congenital defects in Cantrell's pentalogy include abdominal wall defects, sternal defects (aplasia, cleft sternum), anterior diaphragmatic defects, pericardial defects, and complex cardiac abnormalities.\[[@CIT13]\] Cardiac abnormalities include VSD (100%), atrial septal defect (53%), pulmonary atresia (35%), ectopia cardis (20%), patent ductus arteriosus, tetrology of Fallot, and diverticulum.\[[@CIT11][@CIT14]\] Associated defects include craniofacial abnormalities; hypoplasia of lung,\[[@CIT15]\] kidneys,\[[@CIT16]\] adrenal, and liver;\[[@CIT17]\] malrotation of gut; and limb defects.\[[@CIT15]\] Cantrell's pentalogy is underreported as the association is not constant and there is incomplete expression. Defects in the mesodermal development of the anterior transverse septum of the diaphragm are a probable cause.\[[@CIT14]\]

Abnormal communication of a diverticulum with the portal system through the obliterated umbilical vein can be associated with complex cardiac abnormalities, especially in trisomy 13, 18, and 21. \[[@CIT18]--[@CIT20]\] Congenital abnormalities involving the umbilical veins are rarely reported; they include persistent right umbilical vein, abnormal course of the umbilical vein anterior to the liver, connecting with the right atrium, continuation as an internal iliac vein,\[[@CIT18][@CIT19][@CIT21]\] absent ductus venosus, and aneurysmal dilatation.

Differentiating a ventricular aneurysm from a diverticulum is of importance in adult patients. A narrow mouth and synchronous contractility characterize a diverticulum. On the other hand, aneurysms show akinesia or paradoxic contractility of the outpouching, which is asynchronous with the rest of heart.\[[@CIT22]\]

A diagnosis can be confidently made with USG and echocardiography. CT angiography, MRI, and invasive ventriculography give a clearer picture of the problem. Functional hemodynamic evaluation can be done and any associated intracardiac complex abnormalities can be detected with echocardiography.

Management of the diverticulum depends on the clinical situation and associated abnormalities. Most asymptomatic diverticula can be managed with a conservative approach. Treatment options for high-risk cases include surgery, anticoagulants, and management of arrhythmias in symptomatic patients.\[[@CIT3]\]

See video on [www.ijri.org](www.ijri.org)
=========================================

Click here to view as Video 1

Click here to view as Video 2
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